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The biogeography of scorpions
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The biogeography of scorpions. - The biogeographic patierns observed
among modern scorpions are the consequence of three major events which
can be integrated in the scheme of scales proposed by Udvardy. The
distribution of the principal modern groups (i.e. families and genera) is
derived from elements (protofamilies and protogenera of Pulmonate-
Neoscorpionina) which originated in Laurasia and Gondwanaland during
Pangean times. [ suggest the following. I. The main factor in the
phylogenetic/palacobiogeographic scale of Udvardy was probably not
latitudinal and longitudinal overland migration (dispersion) ol elements,
which follow the predominantly southward shift of the warm tropical belt.
Instead, I visualise a rather more passive vicariant process in association
with dispersal in Haffer's (1981) sense, in response to the progressive
fragmentation of Pangea. This was followed by continental drift which led
to the present configuration of the continents and climates. This suggestion
is in accordance with the very poor vagility observed in modern scorpions.
I[I. On the millenial scale, the Pleistocene (post-Pleistoene) biogeography
of Udvardy is responsible for the regional level of the biogeographic
pattern which, during its settlement, has led to the selection of new
lineages and to the extinction of others. III. On the secular scale. the
ecological biogeography of Udvardy is a consequence of recent natural or
anthropic events. This scale has been little used by scorpion biogeo-
graphers, mostly because of lack of data on scorpion life history strategies.
In this contribution, examples from scorpions are proposed for and dis-
cussed in relation to the three biogeographic scales of Udvardy.
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INTRODUCTION

Attempts to use scorpions as global model organisms in biogeographic studies
are not recent. Starting with the classical contributions of, POCOCK (1894). KRAEPELIN
(1905) and Birura (1917). general biogeographical traits or patterns began (o
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established for this taxon of animals, even though the viewpoints of the authors were
not totally in accordance.

Regional and local biogeographical contributions then followed (e.g. MELLO-
LEITAO 1945; VAcHON 1952; Kocn 1977; FRANCKE 1978; LAMORAL 1979; CouzunN
1981; ArRMAS 1982). Most of these failed to demonstrate precise biogeographical
patterns or to explain what has been called since Pocock's (1894) publication "appa-
rent anomalies in the distribution of some groups of families and genera". The reasons
for the inability of these authors to explain better what they observed can probably be
attributed to: (i) important gaps in knowledge of the phylogeny of several of the
groups studied; (ii) a rejection or an unawareness of Wegener's theory of continental
drift propounded in 1912; (ii1) apparent ignorance of recent theories concerning cli-
matic vicissitudes, especially in tropical bionies, during the late Cenozoic and Pleisto-
cene periods (these have been used successtully by other tropical biologists over the
last 30 years, e.g. MOREAU 1963; PRANCE 1982b); (iv) major ignorance of scorpion
life history strategies in the sense of MACARTHUR & WILSON (1967) and PIANKA
(1970, 1988). Ecologists only started to becoime aware of scorpion ecology in terms of
life history strategies in the late 1970s and early 1980s. This led them to classify
many, if not most, scorpions as equilibrium species (PoLis 1990; LOURENCO 1991).
Until the late 1980s (LOURENCO 1991) these new parameters for scorpion ecology
remained the sole preoccupation of ecologists and were ignored by biogeographers.

A more synthetic biogeographical argument is proposed in this paper, based on
UDVARDY's (1981) division of biogeography into three spatio-temporal entities. This
is largely because Udvardy's model is clear and didactic (fig. 1). In correlation with
Udvardy's model three major biogeographical events may be tentatively used to
explain many, or most present patterns observed today among scorpions.

I will not in this contribution try to answer all the difficult questions that have
been addressed by biogeographers during the last 100 years. Because of lack of space,
only a selected number of examples will be given. My main objective is to suggest to
biogeographers (mainly those working with scorpions or Arachnida) the importance
of clearly established historical and ecological factors in any biogeographical study.

1. PHYLOGENETIC SCALE: PALAEOBIOGEOGRAPHY

The phylogenetic scale encompasses the evolutionary time of all biota and is
limited in space only by the size of the earth (UbvarDY 1981). On this scale, only
historical factors can be assumed since, for almost all ecological conditions, data are
largely or totally unknown. At this level, the evolutionary process of biogeography is,
to a considerable extent, a tributary of continental drift and plate tectonics. This new
view shook to the foundations the theories of many older paleontologists and bio-
geographers (UDVARDY 1981).

Both Pocock (1894) and KRAEPELIN (1905) had made their contributions to
scorpion biogeography before the Wegener's theory was propounded in 1912, while
BIRULA (1917) probably ignored rather than rejected the theory. Of these authors,
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Pocock at least. in his contribution gives the impression that his intuition would have
lead him accept Wegener's theory had he worked a few years later.

Some subsequent authors. such as MELLO-LEITAO (1945), also ignored
Wegener's theory or were too regional in their approach to take it into consideration.
Others. in particular French authors (e.g.. FAGE 1929 VACHON 1952; MILLOT 1948),
systematically rejected continental drift. In more recent publications authors such as
KocH (1977), LAMORAL (1979. 1980) and CouziN (1981) have taken continental drift
into consideration when discussing ad hoc aspects of regional biogeography!.

LAMORAL's (1980) suprageneric classification of recent scorpions, with its
discussion of their zoogeography. remains one of the best attempts to explain the
general patterns of scorpion biogeography. and was taken in consideration by Sissom
(1990). The zoogeographical suggestions which Lamoral proposes are generally
acceptable, i.e.. (i) the present global fauna is derived from pulmonate (Neo-
scorpionina) clements that originated in Laurasia and Gondwanaland during Pangean
times (Fig. 2), (ii) the protobuthids were the dominant fauna during Pangean times.
and the distribution of present Buthidae is the result of a vicariant process emanating
from the fragmentation of Laurasia and Gondwanaland: (iii) the other protoclements.
the Chaeriloids and Diplocentroids, also evolved in Laurasia and/or Gondwanaland
during Pangean times. The more detailed conclusions of LAMORAL (1980) are, in one
way or another, mainly correlated with vicariance and with continental drift.
LAMORAL (1980) failed. however. in explaining two points. 1. In my opinion he in-
sisted too much on the role of dispersion when affirming that two major factors have
influenced speciation and distribution patterns. I agree with the importance of vica-
riance in response to the progressive fragmentation and continental drift of Pangea
and Gondwanaland, but the overland "migration” of Laurasian elements to the north
of Gondwanaland needs to be reconsidered. This process of "active" dispersion should
be interpreted rather as being a more "passive” process (in Haffer's 1981 dispersal
sense)2. This opinion is supported by the poor vagility presented by modern species of
scorpion? (Lourenco 1991). Present biogeographic patterns should be considered
more as a the result of different vicariant processes. and as the pieces of an
incomplete puzzle. I1. Lamoral did not answer the question about "apparent anomalies
in the distribution of some groups of families and genera”. These "anomalies” have
been discussed since the publication of Pocock's (1894) work. Even today the dis-

1A zoogeographical analysis of the world scorpion fauna, based on literature synthesis
has been proposed in a recent publication (NENILIN & Fer 1992). This contribution (in
Russian), which was written in 1983/84 presents, however, several gaps in the bibliography.
For this reason. it seems difficult to refer to this paper in the present contribution.

2 Because of lack of space 1 will not discuss here the arguments of PLATNICK (1976).
UDVARDY (1981) and HAFFER (1981) regarding their personal opinions about the meaning of
both dispersion and dispersal (see also LOURENCO 1986a).

3 It might be suggested that primitive or aquatic scorpions were better able to disperse
than terrestrial forms. They were therefore able to reach many of the shores of Pangea before
and during the fragmentation process, since scorpions remained marine (or aquatic) from the
Silurian until at least the Triassic (BRIGGS 1987; SHEAR & KULALOVA-PECK 1990).
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Figs 1-5

Fig. 1. Division of biogeography into the three spatio-temporal scales of Udvardy (modified

after UpvarDY 1981). Fig. 2. Position of Pangea about 200 my B.P., and hypothetical ways of

coastal colonisation by aquatic scorpions. Fig. 3. Gondwanian distribution (in black) of scor-

prons of the family Ischnuridae (cf. Opisthacanthus). Fig. 4. Distribution of the genus Ananteris

in tropical America (1) and Africa (2), and of the related species of Titvobuthis in Madagascar

(black star). Fig. 5 Distribution of Charmus in India and Sri Lanka (black rounds) and of
Microcharmus in Madagascar (black star).
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junct distributions of Diplocentridae and luridae remain unexplained. These families
are found in the Neotropics and. respectively, in the Arabian and the Mediterranean
regions. The presence of the genus Opisthacanthns in both Afrotropical and Neo-
tropical realms was also considered as an "anomaly”. The case of the two disjunctly
distributed families should be regarded as a result of the previous distribution of
protoelements of both families, this result being the consequence of vicariant pro-
cesses. The exact mechanism of these process has not, however, yet been explained.
The patchy distribution of Opisthacantlis was finally clarified by LOURENCO (1985a)
who presented all the necessary evidence to suggest that this genvs was of typical
Gondwanian lineage (Fig. 3), thus invalidating both NEwLANDS' (1973) transatlantic
rafting theory and FRANCKE's (1974) reshuffle, and clearly suggesting that elements of
this genus were already present in the African and Brazilian shields of Gondwanaland
prior to the continental fragmentation that took place in the second half of the
Cretaceous. Further evidence for this pattern of distribution has also been produced
for the genus Anantterts (LOURENCO 1985D, 1993). A recent revision on the scorpions
of Madagascar (LOURENCO 1995) brings new evidence of Gondwanian lineages: (i)
the demonstration of a close relationship between the Neotropical/ Afrotropical genus
Auanteris and the genus Tityvobuthus endemic to Madagascar, and (i1) the discovery of
a new genus, Microcharmus, closely related to the genus Charmnus from India and Sri
Lanka. These results will be developed in a forthcoming paper on the biogeography of
Madagascar (Figs 4 & 5).

In conclusion, T suggest that the main event responsible for determining the
biogeographic patterns of scorpions on a palaeogeograpnic scale, has been the frag-
mentation of Pangea and subsequent continental drift. The difficulties in explaining
the significant discontinuous distribution of the luridae and Diplocentridae point not
only to the great geological age of most families and genera, but also to the relict fau-
nas and biogeographical patterns which they exhibit today. In the next section I will
attempt to explain regional patterns as complements to the palacobiogeographical
scale.

II. MILLENIAL SCALE: PLEISTOCENE BIOGEOGRAPHY

Since the development of the earth's crust until the Pleistocene epoch several
events took place, many of which were related to the continuous drift of the continents.
Without citing an exhaustive list, the following can be mentioned: mountain building,
differential erosion, epicontinental seas, climatic-vegetational fluctuations, changes of
world sea level and the formation of major river systems. All these events took place
during the Cenozoic over a period of 60 M.Y., and have influenced the present
biogeographical patterns of scorpions. In this section I will make special reference to
one of these events, climatic-vegetational fluctuation, which played a major role since
the late Cenozoic and which has had a major impact during Pleistocene timest. For
more details of the consequences of the other events, refer to HAFFER (1981).

4 For a better understand of the astronomical basis of the chimatic oscillations —
"Milankovitch cycles" — see HAFFER 1993,
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For many years. books and papers about the tropical regions, and in particular
about Amazonia, have stated that the biogeographical and diversity patterns observed
in these regions could be explained by the long stability of tropical forests over
millions of years (FEDEROV 1966: RICHARDS 1969). Subsequent work on geology,
paleoclimates and palynology. especially in Amazonia (PRANCE 1982«), has demons-
trated that this presumed stability was a fallacy. In fact, although the temperatures in
tropical lowlands remained "tropical” during glacial periods (3-5°C lower than
today). the forest broke into isolated remnants during cool dry periods (glacial
phases). The remnants of forest expanded and coalesced during warm humid periods
(interglacial phases). Conversely, nonforest vegetation expanded during glacials and
retreated during mterglacial phases (as at present). Data from geoscience have been
insulficient to indicate the precise areas of changing forests and nonforests and, in
particular, the areas in which forests remained during arid phases, presumably serving
as refugia for animal and plant populations. Biogeographical studies of neotropical
plants and animals indicate several centers of species endemism which are separated
by zones of overlap and interbreeding (see PRANCE 1982a). More recent studies on the
biogeographical patterns of the Amazonian scorpions (LOURENCO 1986h, 1987) led to
the definition of several endemic centers which are well correlated with the results of
PRANCE (19820) on woody plants, and HAFFER (1969) on birds (Fig. 6).

Two biogeographical patterns observed in neotropical scorpions clearly suggest
direct correlations with climatic-vegetational fluctuations during the Pleistocene.

(i) Polymorphic species in the Amazon region

Tityus gasci Lourenco and Titvus silvestris Pocock have distributions ranging
from French Guyana to Peru and Ecuador. Analysis of the variability of patterns of
pigmentation and morphometric values in both species indicates a gradual geographic
cline along a transect for 7. gasci. This species was defined as a clinally polymorphic
species. whereas considerable variation which was not well correlated geographically
was observed for 7. silvestris (LOURENCO 1988: 1994). This type of pattern was first
encountered by botanists, and species showing it are termed "ochlospecies™S (PRANCE
1982b). According to PRANCE (1982b), ochlospecies are common in many large
genera of plants (> 100 species) — Titvus has about 120/130 species. Prance suggests
that during the dry periods of the paleoclimatic episodes when the forest was reduced
to small patches. widespread species became fragmented into several isolated allo-
patric populations. These isolated populations of ecologically adaptable species
(which is the case with some Titvus spp.) rapidly recolonized the reestablished forest
during wet episodes. Previously isolated populations thereby became contiguous.
Temporary reproductive isolation did not produce genetic barriers (at least for woody-
plant and scorpions) and only minor morphological differences evolved. Where
species reunited the variation was no tonger correlated geographically®.

5 From the Greek — ochlos = mob + species.

6 The complex biogeographic patterns observed in several Saharo-Sindian genera of
scorpions (VACHON & KiNzELBACH 1987), could tentatively be explained in the light of late
Cenozoic vicissitudes of the biomes extending from Morocco to India.
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Fig. 6. Tropical South America centers of endemism, defined after scorpion distribution patterns.
Fig. 7. Hypothetical distribution of forests (black areas) and savannas (white areas) in tropical
South America during cool dry periods (modified after As'SABER 1977). Fig. 8. Distribution of
enclaves of savanna inside Amazonia (black areas indicated by 1) and forested islands inside
xerophytic formations (black areas indicated by 2). Fig. 9. Examples of disjunct distribution of
genera and species in forest and savanna formations. Fig. 10. Relationship between the Atlantic
and Amazon forests. 1 and 2 are the present distribution of the Amazon and Atlantic forests. 3 =
suggested paleodistribution (strong evidence). 4. suggested paleodistribution (weuker evidence)
(modified from BIGARELLA & ANDRADE-LIMA 1982). Fig. 11. Present distribution range of 7iryvus
serrulatus in Brazil (black area) over disturbed environments and. suggested original area of
distribution (small white area inside black area) prior to recent anthropic influences.
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(ii) Disjunct distributions of scorpion taxa in savanna and rainforest formations

Examples of genera presenting a discontinous distribution are provided by
scorpions which are exclusively adapted to savannas (Rhopalurus spp.) or to rain-
forests (Broteochactas spp.). Rhopalurus amazonicus Lourengo is endemic to an
enclave of savanna inside the Amazonian rainforest (Fig. 8) whereas Broteochactas
brejo Lourenco is found only in a forested island inside arid formations of northeast
of Brazil (Fig. 8). These isolated endemic populations provide good evidence for the
hypothesis of past connections between the savannas of central Brazil and present
enclaves in Amazonia and Guayana (Fig. 9). During past dry periods the savanna
formations probably coalesced (Fig. 7). The presence of enclaves of forest (brejos)
inside arid formations (Fig. 8) suggests past connections between Amazonia and the
Atlantic forest of Brazil (Fig. 10). This hypothesis is supported by the biogeogra-
phical pattern in Amazonia presented by scorpions of the genus Broteochactas and by
the Chactinae in general (Fig. 9).

11I. SECULAR SCALE: ECOLOGICAL BIOGEOGRAPHY

The analysis of responsible ecological factors in the explanation of the
biogeographic patterns of scorpions have been biased for two major reasons: (i) there
has been an almost total lack of knowledge of life history strategies until about 15
years ago — knowledge which, until the late 1980s, was almost the only preoccupation
of ecologists, and (i1) a generalized opinion, even among modern biologists, accor-
ding to which scorpions are ecologically plastic organisms capable of withstanding
radical changes in environmental conditions, and therefore of being very good colo-
nisers. This second assumption is a fallacy. With our growing knowledge of scorpion
life history strategies it can be seen that many if not most scorpions are undoubtdly
equilibrium species which tend to inhabit stable and predictable natural environments,
produce single egg clutches, do not store sperm, have long life-spans, present low
population densities, have a very low 1.y, show weak mobility, and are highly ende-
mic, often known from a single locality.

In contrast some scorpions are opportunistic species, such as certain members
of the genera Centruroides, Tityus and Isometrus. These exhibit marked ecological
plasticity and are readily capable of invading disturbed environments. They produce
multiple clutches from a single insemination, have elaborate sperm storage capa-
bilities (KOVOOR et al. 1987), short embryonic development, short life spans, high
population densities, rapid mobility, and are widely distributed. These opportunistic
species are of little use for establishing biogeographical patterns, although tortunately
they can readily be identified and disregarded.

Opportunistic species evolve mainly in disturbed and unpredictable environ-
ments which are the result of natural (e.g. volcanic activity) or anthropic action. Long
known examples include the presence of a population of the neotropical species
Centruroides gracilis (Latreille) in the Canary Islands (KRAEPELIN 1905; LOURENCO
1991) and the worldwide distribution of the Indo-Malayan scorpion Isometrus
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maculatus (DeGeer) which has been transported by human agency during the last four
centuries and is today present in almost all tropical coastal regions. Some elements
have even been found at a distance of 3000 km upstream of the delta of the River
Amazon (LOURENCO 1991). The phenomenon of the replacement of species is well
illustrated in several islands of the Caribbean, where natural volcanic activity and
human impact are important. In this region, many endemic populations of equilibrium
species are regressing or have disappeared, to be replaced by opportunistic species of
the genus Ceutruroides which now occupy most of the Islands (LOURENCO 1992).

In continental regions, opportunistic species can rapidly occupy habitats
disturbed by human activities, where the original native species have been selected
against, thus leaving their ecological niches vacant. This kind of situation can be
observed in Brazil and Mexico where very dense populations of species as Tirvus
serrulatus Lutz & Mello and Centruroides suffusus Pocock, respectively, occupy
large geographic arcas. When this phenomen of secondary succession is associated
with noxious, opportunistic species, public health problems can arise (LOURENCO &
CUELLAR 1995; LOURENCO & CLOUDSLEY-THOMPSON 1996).

CONCLUSIONS

Although the presence ol a reduced number of opportunistic scorpion species
may not be a good indication of predictable biogeographic patterns, many or most
scorpions are equilibrium species and can be useful models in biogeographical
research. Several factors make scorpions useful for biogeographical (or biodiversity)
studies, as suggested by Noss (1990): (i) stabile taxonomy, at least for some regions
of the world: (ii) life history strategies that are well understood; (iii) the fact that
individuals can readily be obscrved in the field with the use of UV light, and (iv)
biogeographical and endemic patterns that are well correlated with those of other taxa
of animals and plants (see LOURENCO 1987). Scorpion biogeographers, however, need
to be more aware, in their interpretations, of the distinction between the historical and
the ecological factors responsible tor the biogeographical patterns observed.

In conclusion, the definition of biogeographical (or biodiversity) patterns is a
matter for specialists. The number of experienced specialists is drastically decreasing
in many countries mostly because ol lack of interest from governmental and academic
authorities. The time required for the adequate training of students in evolutionary
biogeography is long — up to 10 or 15 years. In conscquence, this situation threatens
to generate important gaps in this discipline (LOURENCO & BLANC 1994).
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